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ABSTRACT

A new generahzed Block edge Impaxrment Metric
(BIM) is presented in this paper as a quantitative dis-
tortion measure for the blocking artifacts in digital
video, as well as digital image coding. This distor-
tion measure only uses information contained in the
reconstructed images and it is found to be con31stent
with sub}ectlve evaluations.

1. INTRO]DUCTION

Video sequences coded by either hardware or soft-
ware compliant with the existing international Vldeo

compression and coding standards [1] manifest vari- .
ous recox}xstfﬁction artifacts, some of which are well g
known such as blocking (including edge and DCT basis

image artifacts), ringing, mosquito effects, and others
less well known such as stationary area granular IidiSe
and chrominance mismatch[2]. Coding distortion; ard
error propagation become significant when the algo-
rithm is used to code video images under a certain low

bit rate or for thh quahty video images sueh as ‘broad-

cast TV and HDTV[3]. To provide.users with quality
video services, causes of these artifacts and their ef-
fects on viewing quality need to be understood and
objective quality metrics, which-are-preferably corre-
lated well to subjective measures, are required to eval-
uate various video codec products enhancements and
new algorithims." At present, the procedures for sub-
jective agsessment ‘of video picture quality have been
standardized[4], and effective ‘and commonly .accept-
able objective quality metrics, however, remain to-be
seen. This lacking of eﬂectlve quantitative measures

have not‘only frustrated researchers for more than two °

decades[5} but also'made realistic evaluation-or bench-
marking of various products based on the international
video codmg standards very difficult if not_all impossi-
ble. The ineffectiveness of the traditional quantitative
measures, such as the Mean Squared Error (MSE), the
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Signal-to-Noise Ratio (SNR) etc:[1]; in quantifying the
visibility of reconstruction artifacts is nothing but well
known as they do not necessarlly reflect our visual per-
ception of the coding distortions or artifacts[6].

In [7], we have shown that the blocking effects and
its propagation through reconstructed video sequences
are the most significant of all coding artifacts within a
range of bit rates anywhere from a few hundred kilo-
bits per second {H.261[8]) to-as high as 10 to 12 Mega-
bits per second (MPEG-2[9]). Tt is also a source to a
few: other types of reconstruction artifacts. In a most
recent paper[10], Karunasekera and Kingsbury intro-
duced a new distortion measure for blocking (edge)
artifacts in compressed images based on human visual
sensitivity which correlated very well with subjective
evaluation results. This quahtitative distortion mea-~
sure requires both the original and the reconstructed
images to form the error image as the input to the
visual model, as most of the other existing quanti-
tatlve dlstortlon measures[11,12]. In the apsence of
the orlgma] images, the above distortion measure can-
not-be used to evaluate the coding artifacts, such as
blocking. In [7], an. impairment metric for block-edge
artifacts was introduced, based on the formulation
of constraint sets used in the post-filtering of recon-

_structed. video images using Projections Onto Convex

Sets (POCS) algorlthms[13] This metric only needs
the reconstructed image as the input and achieves re-
sults consistent with subjective evaluations. This met-
ric was modified in [14] to accommodate the effect of
illuminance level on the visibility of the “blocking” dis-
tortion, i.e. to take into account the illuminance mask-
ing eﬂ'ecﬁs in extreme bnght as well as extreme dark
areas in the reconstructed image.

- In this'papér, 'a more general formulation of the
Block-edge: Impairment Metric (BIM)[14] is presented
in Section 2, parameters of which can be adjusted to
correspond with the visibility of noise modelled in [15].
Section 3 will present some experimental results using
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this generalized BIM as a distortion measure compared
with the Peak Signal-to-Noise Ratio (PSNR) values.

2. A GENERALIZED BLOCK-EDGE IM-
PAIRMENT METRIC

In our previous investigation of enhancement meth-
ods for video coding using projections onto convex sets
(POCS) algorithms, we used the metric introduced by
Yang et al[13] to form the constraint sets in order to
minimize the blocking artifacts in the encoder, produc-
ing satisfactory results[16]. This metric was used di-
rectly as an objective measure for block-edge artifacts
in [7] with a straightforward normalization operation.
In this section, the above metric is further modified to
accommodate brightness masking effects in both very
dark and bright areas of reconstructed images.

Given an image £ ={f.1f;2...f.n}, where f; is the
ith column of the image array and N is the width of
the image, we define the interpixel difference between
each of the horizontal block boundaries by

ch - ch
fo16 —ferr
D.f = . . (1)
fonv-8)y — fe(v-7)
A metric can be defined to measure the horizontal
blockiness by

N/8-1

My =| WD [|= [ Y 1 WilEegoxi = Feqaxieny) 11413
i=1

(2)

where || e || is the I3 norm and W =

diaglwiws ... wyys_1] is a diagonal weighting ma-
trix which takes into account the local spatial
characteristics[13,16]. The weighting function used in
[14] is given by

In(14 222y ifp;; <128

wij = — (3)
v In(l+ iisai‘;"’) otherwise

at location (i, 7}, taking into account the effect of illu-
minance level on the visibility of the distortion [15].

- It reflects the fact that the block-edge artifacts are -

masked off in extreme bright and dark as well as spa-
tially busy areas in the image. The weighting function
is shown in Figure 1, assuming o; ; = 0.

For horizontal boundaries, the local mean g; ; is de-
termined from the mean of the pels within the two
adjoining blocks of the current row, i.e.

1 j+8
T Y fG,2) (4)

r=j-7
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Figure 1: The weighting function.

where f(¢,z) are the pel values. Similarly, we define
the .standard deviation as follows:

1 X )
oi,j =15 > (flix) — pi )12 (5)
T=j~7
We further normalize M} by the average interpixel
difference, E, between pels which are not at block
boundaries, resulting in Myprar. The formula to cal-
culate F is defined as:

E = ; ;::1 Se (6)
where
N/8-1 A
Se=[ Y || Wilfe(sxitk) = Fe(sxiti+)) 1212 (7)
i=1

A metric Myprpy can also be similarly defined to
measure the vertical blockiness of the reconstructed
video images. The blockiness metric used in [14] for
the analysis of image reconstruction quality is given
by Mpray = aMppiy + BMypInm .

The weighting function shown in Figure 1 gives high-
est weight to the distortions in areas where the average
illuminance value is 128 on the scale of 0 to 255, In [15],
Girod suggested that the distortions would be most
noticeable where the illuminance value is between 70
and 90 (centred approximately on 81). To accommo-
date this observation and to maintain the simplicity of
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welghting function, Equation 3 is modified as follows:

Nn(L+425)  ifpiy <¢ .
! In(1+ ?Toﬁ,u_”) otherwise
2,7

where ( is the selected average illuminance value where
highest weight should be given to the distortion, and
A is calculated as in Equation 9:

\ = n(1+V25=0)
o n(1+V0)

The weighting function defined in Equation 8 is
shown in Figure 2, assuming o; ; = 0 and ¢ = 81.

9)

L ) L
0 50 100 150 200 250 300

Figure 2: The modified weighting function.

This new generalized Mpray is represented by
Mepim-

3. SIMULATION RESULTS

In our experiments, we used CIF images (352x288)
and assumed that the human sensitivity to horizon-
tal and vertical blocking artifacts are similar[10}, and
therefore selected o = § = 0.5. The values obtained
using Mgy are found to be consistent with subjec-
tive evaluation. ) '

A reconstructed I picture “Mobile and Calendar”
(MPEG-1 coded at 0.8 Mbps) ‘is shown with its

 Mgpry value in Figure 3, compared with a POCS
filtered reconstruction of the same picture, also with
its Mgpram value, in‘Figur’e 4. Tt is shown that the
POCS filtering reduces the blocking artifacts signif-
icantly and Mggprar is a very effective measure for

.F_igu‘re 3: Reconstructed I Picture from MPEG-1 coded
“Mobile and Calendar” video sequence (0.8 Mbps,

IBBBPBBBP...).
21.76dB.

Mgpry = 3.08 and PSNR =

blocking artifacts. It is also interesting to note that
the reconstructed picture has Mpgprpr = 3.29 and
M,eBrm = 2.88, respectively, (indicating that the hor-
izontal blockiness or vertical edge artifacts are more
prominent than the vertical blockiness or horizontal
edge artifacts). The POCS filtered reconstruction of
the same picture has Mpepry = 1.08 and Mygprvm =
1.08, respectively.

The blocking artifacts metric Mgprar was also used
in the evaluation of several other MPEG-1 coded se-
quences at various coding bit rates, including “Flower
Garden”, “Football”, “Table Tennis” etc., and showed
satisfactory and consistent results.

4. CONCLUSIONS

This paper.introduced a generalized block-edge impair-
ment metric as a blocking artifacts measure to evalu-
ate reconstructed picture quality in the absence of the
original images. It has shown that the evaluation of
blocking artifacts using this metric is very effective and
consistent with subjective evaluation.
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Figure 4: POCS filtered I Picture reconstruction from
MPEG-1 coded “Mobile and Calendar” video sequence

(0.8 Mbps, IBBBPBBBP...).

Mgeprm = 1.08 and

PSNR =21.88dB.
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